Auditory feedback (AF), the speech signal received by a speaker's own auditory system, 
ongoing articulation and phonation in persons who stutter (PWS), but stopped short of 23 examining connected speech. This is a crucial limitation considering the importance of 24 sequencing and timing in stuttering. In the current study, we imposed time-varying 25 perturbations on AF while PWS and fluent participants uttered a multisyllabic sentence.
26
Two distinct types of perturbations were used to separately probe the control of the 27 spatial and temporal parameters of articulation. While PWS exhibited only subtle 28 anomalies in the AF-based spatial control, their AF-based fine-tuning of articulatory 29 timing was substantially weaker than normal, especially in early parts of the responses, 30 indicating slowness in the auditory-motor integration for temporal control. 
51
How may this subnormal auditory-motor interaction in online speech motor control be 52 manifested during multisyllabic, connected speech? In stuttering, dysfluencies are more likely to 53 occur during multiword utterances than during single words; the frequency of stuttering is 54 positively related to utterance length and complexity (e.g., Soderberg, 1966 The goal of the current study was to examine whether PWS show deficits in the online AF- 
Results

81
PWS and matched controls produced the utterance "I owe you a yo-yo". The choice of this 82 utterance was based on the consideration that it consisted of only vowels and semivowels and 83 hence elicited continuous phonation. This allowed us to indirectly measure the spatial positions 84 and timing of the articulation using formant trajectories throughout the utterance.
85
As Figure 1 illustrates, there is a set of well-defined local minima and maxima in the second- 
113
As the examples in Fig. 2A illustrates, the Up perturbation increased the value of F2 at the 114 local minimum corresponding to the end of the word "owe", in a way that preserved the 
143
As shown by the red curves in Fig. 2C -D, the mean responses to the spatial perturbations in 144 PWS group were similar to those from the PFS group in that they opposed the directions of 145 perturbation. However, compared to the PFS, trends of later response onset and slower ramping 146 to peak response can be seen PWS group (Fig. 2C-D) . Under the Up perturbation, the peak 147 compensation from the PWS was seen during the word "you", instead of before the word "you" showed a pattern qualitatively similar to that from the PFS group (Fig. 2E) . However, the 153 interval of significant difference was substantially later in onset and shorter compared to PFS,
154
although the between-group comparison revealed no significant differences.
155
The average magnitude of the first formant (F1) changes in response to the auditory 
Discussion
211
In the current study, perturbations were employed to separately examine the spatial and 
224
The lack of unambiguously weaker-than-normal responses to the spatial perturbation in 
230
(2012) had a sudden, step-like onset (see also Loucks et al., 2012) , whereas the spatial 231 perturbation in the present study ramped gradually from zero to maximum (e.g., Fig. 2A and B) .
232
It is possible that this smooth perturbation profile was less taxing on the AF-based control 233 mechanism than the sudden-onset one, hence partially obscuring the deficits in PWS. Second, in 234 the current study, the period of response to the spatial perturbation involved a semivowel 
Methods
286
Perturbations and experiment design
287
The methodology of the formant-trajectory manipulation ( Fig. 2A-B and 3A-B) has been sentences different from the main stimulus utterances ("I owe you a yo-yo") were inserted to 293 reduce the repetitiveness of the task.
294
Partly due to the simplicity of the stimulus utterance and the large number of repetition, very 295 few productions of the sentence "I owe you a yo-yo" contained audible dysfluencies. In Similarly, the analysis of the time-interval change data from Experiment 2 involved 326 statistical comparisons on the six different landmarks (Fig. 3C-D 
